The present study was carried out from May 2001 to August 2001 to investigate the diversity, distribution and environmental interactions of mangrove crabs in the Kadolkele mangrove ecosystem associated with the Negombo estuary in the west coast of Sri Lanka. The data on diversity and abundance of crabs, salinity, pH, organic carbon content, moisture and temperature of the soil, ambient air temperature and floral species of mangrove were collected from three 10 m x 50 m belt transects laid perpendicular to the shore. Of the six species of crabs found in the study area, five were identified up to species level. They were Episesarma versicolor, Sesarma smithii, Sesarma guttatum, Metopograpsus thukuhar and Metopograpsus messor. This is the first record of Metopograpsus thukuhar and Sesarma guttatum in Sri Lanka. Diversity of crabs decreased with the increasing distance from the lagoon but the number of crabs present did not vary significantly (p > 0.05). The distribution of the crabs varied with the increasing distance from the lagoon. S. smithii and M. messor were distributed throughout the 50 m distance while M. thukuhar and the unidentified species were restricted to 0-20 m and 0-10 m from the lagoon respectively. E. versicolor and S. guttatum were found towards the landward side (25 -50 m). The distribution of S. smithii showed a positive correlation (p < 0.05) with the soil salinity and soil moisture content while M. thukuhar, S. guttatum and E. versicolor showed negative correlations (p < 0.05). All species except E. versicolor showed a positive correlation with soil organic carbon content (p < 0.05). M. thukuhar showed a negative correlation with soil pH while S. guttatum and S. smithii showed a positive correlation (p < 0.05). M. thukuhar and unidentified juvenile crabs were found restricted to Rhizophora/Bruguiera zone, while E. versicolor and S. guttatum were confined to the Avicennia /Lumnitzera zone. Priyadarshani et al./ Sri Lanka J. Aquat. Sci. 13 (2008): 109-122 
Introduction
Mangrove communities are considered as important elements in coastal ecosystems in the tropics because they are known to be highly productive systems, which function as nursery grounds to many commercially important marine species (Robertson 1991) . In most countries of the tropics, crabs and molluscs dominate the mangrove forests. Smith et al. (1991) have shown that the sesarmid crabs occupy a keytone position in Australian mangrove forests. The potential role of crabs in cycling of material in mangrove communities and their ability in conserving nutrients within the forest are well recognized (Hatcher et al. 1989) . Smith et al. (1991) showed that reductions in crab abundance had led to increased sulphide and ammonium concentrations in the soil and to reduced productivity and reproductive output by the mangroves. Bertness (1985) showed that the reduction of fiddler crab density for a single growing season decreased above ground production by 47% and burrowing by the crabs increased soil drainage, soil oxidation-reduction potential and the in situ decomposition of below ground plant debris.
Diversity of fauna in mangrove forests of Sri Lanka is so immense but is a relatively poorly dealt subject. The studies dealt with mangrove crabs in Sri Lanka are restricted to the study carried out by De Silva (1985) on fauna in five mangrove forests of Sri Lanka and the study done by Pinto (1984) on the crabs of Negombo estuary. It was felt that it is important to recognize the diversity of crabs in mangrove forests of Sri Lanka before initiating studies on their role in the mangrove forests. The present study was carried out to investigate the diversity and environmental interactions of mangrove crabs in the Kadolkele mangrove ecosystem, in the Negombo estuary. The distribution of crabs in different zones of mangroves was also investigated.
Materials and Methods
Kadolkele, a mangrove area belonging to the National Aquatic Resources Research and Development Agency, which is situated adjacent to the Negombo estuary in the Gampaha District, Sri Lanka, was selected as the study site. The area is about 10 ha in extent (Figure 1 ). Three belt transects each with a width of 10 m and a length of 50 m were laid perpendicular to the shoreline and were subdivided into 10 m x 10 m plots. Each sampling plot had three systematic sampling units of 1 m x 1 m in size, which ran diagonally (Figure 2 ). Sampling was carried out in alternate 10 m x 10 m plot starting from lagoon shore as shown in Figure 2 .
The crabs in each sampling unit were collected by digging the sampling area up to the water table until they are caught and picking them by hand. The number of crabs that belong to different species were recorded and identified up to species level using the taxonomic keys of Tirmizi et al. (1986) . Soil samples were collected from each sampling plot and the environmental parameters, namely soil moisture content, soil temperature, soil salinity, soil pH and soil organic carbon content were measured. The soil moisture content was measured by oven drying a known weight of a soil sample at 105 o C to a constant weight. Soil temperature was measured by inserting a glass mercury thermometer into the soil after making a hole with a wire and soil salinity was measured by a salinity refractometer (ATAGO model ) and soil pH was measured using a portable soil pH meter (Hach-Sension model). Water required for salinity measurements were collected by squeezing soil samples through a syringe. Soil organic carbon content was measured following the method described by Walkely and Black (1934) .
Data were analyzed statistically using Complete Random Block Design (CRBD) of the SAS statistical package. Correlations between environmental parameters and crab abundance were analyzed using regression analysis in Excel Data Analysis tool. Shannon-Weiner diversity index (H') was calculated using the following formula given in Zar (1995 ) .
H' = -∑ P i log (P i ) Where P i is the proportion of the total count arising from the i th species. 
Results
Six crab species were identified from the selected area of study in the Kadolkele mangrove. All species belonged to family Grapsidae. Two of the species, S. guttatum and M. thukuhar have not been recorded previously from Sri Lanka. The morphological features of the two new species are shown in Figure 3 .
The abundance of S. guttatum was significantly higher (p < 0.05) in Transect A while no significant difference was observed in other crab species among transects. The crab species M. thukuhar, S. guttatum and E. versicolor showed a significant difference (p < 0.05) with the distance from the edge of the water in the estuary while other three species did not show any significant differences (p > 0.05).
The distribution of six species of crabs with reference to the distance from the estuary is shown in Figure 4 . M. messor and S. smithii were distributed all along the transect while M. thukuhar was restricted to a distance of 20 m from the estuary. Juvenile crabs of the unidentified species were also restricted to 0-10 m region of the transect. E. versicolor was observed more landwards and its distribution range was from 30-50 m.
Metopograpsus thukuhar
Sesarma guttatum The % frequency of the six species of crabs at each 5 m interval of the 50 m long transect is shown in Figure 5 and the percentage abundance of crabs with increasing distance from the estuary is shown in Figure 6 . 
% of crabs
S. smithii dominated the area between 5-30 m followed by M. messor. The distance of 40-50 m from the estuary was dominated by S. guttatum followed by M. messor. Juveniles of the unidentified crab species were dominant towards the first 10 m of the transects. As shown in Figure  6 , the highest number of crabs was recorded from 0-10 m distance and the lowest was recorded at 40 m distance.
Shannon Weiner diversity indices for the crabs in three habitats are given in Table 1 . Highest diversity of the crabs was observed in the area closer to the estuary and the diversity decreased with the increasing distance from the estuary. Table 2 , E. versicolor, M. thukuhar, and S. smithii did not show significant correlations with the environmental factors tested. M. messor showed significant positive correlations with soil moisture and soil pH while S. guttatum showed a significant negative correlation with soil salinity and a significant positive correlation with the soil temperature. Juvenile crabs of unidentified species showed a significant positive correlation with soil moisture. Distribution patterns of crabs with the zonation of mangrove flora showed that M. thukuhar and juveniles of unidentified species were abundant in the zone dominated by Rhizophora apiculata, R. mucronata and Bruguiera gymnorhiza (Figure 8 ). S. guttatum and E. versicolor were found mostly confined to the zone dominated by Avicennia marina and Lumnitzera racemosa Discussion Crabs and molluscs are the predominant animal groups of the mangrove ecosystems (Berry 1972; Jones 1984; Macintosh 1988 ) and they play a significant role in the structure and functioning of the ecosystems (Lee 1999). Number of crab species found in different climatic areas varies from one another. Ashton et al. (2003) have recorded 31 species of crab species from Sarawak mangrove in Indonesia. The number of species recorded in the present study is low compared to those recorded by Sasekumar (1974) , Frith et al. (1976) and Ashton et al.(2003) in different study areas. This study has identified two crab species, namely Sesarma guttatum and Metopograpsus thukuhar which were not recorded from Sri Lanka earlier. Abundance and distribution of mangrove crabs in relation to environmental parameters such as soil salinity, soil pH, soil organic carbon content, soil sulphur content and soil nitrogen content has been described by previous workers (Sasekumar 1974; Macintosh 1984; Ashton 1999) . Both qualitative (Berry 1963; Macnae 1968; Berry 1972; Macintosh 1984) and quantitative (Deekae and Henrion 1993; Guerreiro et al . 1996) methods have been used to estimate the abundance of crabs in mangrove ecosystems and the dependence of mangrove crabs on the environmental conditions has been described. Salinity (Macintosh 1984) , water content in the soil (Jones 1984) , pH, total percentage values for carbon, nitrogen and sulphur content of the soil (Ashton et al. 2003) and soil particle size are some of the factors which have shown correlations with the distribution and abundance of crabs. Macintosh (1984) found that the low-shore crab, Metaplax elegans could not tolerate salinities below 10‰, whereas Perisesarma onychophorum, inhabiting higher shore zones, could tolerate several days at 5‰. In the present study, the soil salinity varied between 60‰ to 80‰ and Episesarma versicolor and Sesarma guttatum preferred low salinity range (57 -67‰) while the unidentified juvenile crab and Metopograpsus thukuhar preferred higher salinity (80 -82‰).
Soil and water pH values also show correlations with the crab community structure (Ashton et al. 2003) . Low-pH conditions can be detrimental to crabs because they depend on calcium carbonate formation for exoskeleton and shell building. Low-pH values can cause exterior Abundance (number/m 2 ) exoskeleton and shell erosion in crustaceans and hence they tend to avoid such places (Plaziat 1984) . Soil pH values in the upper zone of Kadolkele mangrove varied from 4.1 to 4.4 while it ranged between 5 and 6 in the lower zone. M. thukuhar and the juveniles of unidentified species were completely absent in the upper zone and the abundance of all crab species were found to be high in the lower area where soil pH value is higher compared to that of upper area showing that the crabs prefer higher soil pH levels. This is in agreement with the findings of Plaziat (1984) . Sesarma guttatum and S. smithii have shown positive correlations with soil pH in the Kadolkele mangrove.
Carbon, nitrogen and sulphur contents of the soil are organic portions in the detritus and are important food sources. However, in humid areas with large amounts of detritus, most of the nitrogen and sulphur present is organic (Brady 1990 ). Many crabs have been observed feeding on the sediment (Macnae 1968). The bacteria and meio-fauna present in the sediment may also be a good source of nitrogen and sulphur for some macro-fauna species. Olafsson and Ndaro (1997) and Holguin et al. (2001) have observed positive correlations between crab biomass and soil nitrogen content which merit further attention in relation to the apparent importance of these soil organisms in the nutrition of common members of the crab fauna. Unfortunately, this study could not study the soil nitrogen contents due to lack of facilities, but positive correlations observed in abundance of all species of crabs with the soil carbon contents show their dependency on detritus based food web.
Presence of mangrove vegetation that provides a habitat structure and food for mangrove crabs is another factor determining their distribution (Hatcher et al. 1989; Lee 1998; Skilleter and Warren 2000; Ashton et al. 2003) . Ashton et al. (2003) showed that the crab community structure was correlated with the tree and seedling community structures indicating their importance in supporting crab diversity or vice versa. Some sesarmid species are known to feed on mangrove leaf litter and seedlings (Macnae 1968; Robertson 1986 ). Floral zonation in Kadolkele mangrove is closely associated with the zonation pattern described by Boaden and Seed (1985) in East Africa. In the present study it is evident that floral zonation has an influence on the spread of crab species. M. thukuhar and unidentified juvenile crabs were found restricted to Rhizophora/Bruguiera zone, while E. versicolor and S. guttatum were confined to the Avicennia /Lumnitzera zone. Metopograpsus messor and S. smithii on the other hand could inhabit both zones.
A better understanding of the structure and functioning of the mangrove ecosystems are highly important for formulating strategies for conservation of these valuable ecosystems. In this study an attempt was made to initialize research on fauna of mangroves in Sri Lanka which receives a very little attention at present. Further research in this area is much needed and it is expected that the present study may throw a little light to future research on fauna of mangrove ecosystems in Sri Lanka.
